Horizon-T, a modern Extensive Air Showers (EAS) detector system, is constructed at Tien Shan high-altitude Science Station of Lebedev Physical Institute of the Russian Academy of Sciences at approximately 3340 meters above the sea level in order to study in the energy range above 10 16 eV coming from a wide range of zenith angles (0 o -85 o ).
Detector System Brief Description
Tien Shan high-altitude Science Station, a part of Lebedev Physical Institute of the Russian Academy of Sciences, is located 32 km from the city of Almaty at the altitude of ~3340 meters above the sea level. "Horizon-T" (HT) detector system [1] [2] is constructed to study space-time distribution of the charged particles in EAS disk and Vavilov-Cherenkov radiation from it with parent particle of energies higher than 10 16 eV coming from a range of zenith angels (0 o -85 o ). The novel method of using time information from pulse shape in each detector allows for the analysis of EAS with core falling outside of the detector system bounds.
scintillator [6] that has 1 m 2 area and is 5 cm thick. Each GD is based on 50 cm x 50 cm x 3 cm optical glass that is painted white with TiO2 at the bottom side [7] . Both have the PMT above the scintillator/glass center. All near detectors use Hamamatsu [8] R7723 PMT assembly. Only the near periphery is equipped with GD: the fast pulse they produce gets widened by the longer cable thus diminishing the usefulness of the GL. Center temporarily has a second GL with a Hamamatsu H6527 PMT and its calibration is also included in the table. The far periphery includes detection points 2, 3 and 8. Far points use only single SD each. They all have PMT-49 (FEU49) by MELZ [9] (replaced with R7723 in March 2017). This is due to the fact that long cables (~500m) are used to connect these points to the Data Acquisition system (DAQ) which is located at detection point 1. The cable calibration [3] shows that signal widening and signal loss become significant in this case, thus justifying the use of FEU49 as they have wider initial pulse. In the upgrade, they were all replaced as outdated.
All SD and GD are pyramid-shaped, the PMT above the center of detection medium at the height of the size of medium size (e.g. 1 m for scintillator and 0.5 m for glass).
For HT, the z-plane is parallel to the sky, the x-axis is directed north. All SD and GL are in the z-plane. There are also x-and y-plane scintillator detectors but they are not currently used. This arrangement is needed for the angular isotropy in the registration of charged particles to be used in the future. Theoretically, better isotropy may be achieved by an upgrade to liquid scintillators [10] [11] with a symmetric active volume but it is not being yet considered at this time.
Detectors MIP Response Calibration
Each SD/GD response to MIP is calibrated individually. For that, an additional trigger detector consisting of FEU49 and a 15 cm diameter scintillator is spaced under each detector being calibrated. Double-coincidence schema is used, facilitated by 14bit CAEN [12] DT5730 flash ADC. The setup schematic is shown in Figure 2 . The reason for such setup design is that only two cables connect each detection point with DAQ physically.
The resulting calibration gives the area of a single MIP signal as well as the width of the MIP signal pulse from each SD. Due to data analysis details, total duration is currently taken as time between the 0.1 and 0.9 of the pulse area; pulse front is defined as time between 0.1 and 0.5 of the pulse area. This reduces the baseline noise effects. The uncertainty, associated with the size of the integration window is included in the total error.
From [1] , the pulse front for SD is 7.16±0.40 ns and the total duration is 21.6±1.48 ns with the systematic error of ±0.10 ns; the pulse front for GD for one MIP is 2.17±0.13 ns (over 18 m cable) and the total duration is 5.10±0.67 ns with the ±0.11 ns systematic error for both.
The normalized area of a MIP signal from a GD from a detection point 1 is shown in Figure 3 As with any calibration, where the detector that is being calibrated is also part of the triggering, there is also a question of the threshold enforced on the detector that is being calibrated. Here we use the threshold as low as possible but still above a pedestal value. For that, a threshold of a few mV is used first and the data is taken with a pedestal clearly visible. Then the data is retaken 
ADC SD or GD
Trigger PMT with the threshold value right above the pedestal value since for all detectors there is a clear separation between the pedestal and the lowest MIP signal. The Landau curve fit gives the most probable value (MPV) used for the calibration. Care is taken to make sure that chosen threshold value doesn't affect the resulting calibration value (e.g. any possible shift in area MPV is much smaller than the associated uncertainty). The example fit of a MIP signal area for the SD from detection point 1 (Center) is shown in Figure 4 . Fit is done using ROOT [13] package PyROOT, areas are found using trapezoidal method [14] . The correspondence of the names of detection points to numbers is given in the Table 2 . A fit to a Landau distribution is used since the (relatively) thin target is used. In order to obtain an approximate photon count for each MIP calibration for the match with simulation of the detectors we also do the single photo-electron (PE) R7723 PMT response pulse area calibration. For that, low light LED pulse is fed to PMT connected to DAQ via short cable (<1m). Since signal is baseline subtracted, the pedestal is very low and is removed from later fit. Care is taken to ensure that pedestal has about 80% of all events in order for single photon detection assurance. Figure 5 shows the pulse area of PMT single PE response at 1700V with pedestal subtracted. PMT is calibrated at the different bias voltages to match different detectors. Signal losses in each cable [3] and presence of impedance matching resistor (if present) must be accounted for when number of photons is accessed for each detector. In Figure 6 , the single PE area vs biasing voltage is shown. For the R7723 PMT, we can see that it is linear for a very wide range of biases, with 2000V being recommended maximum and pulses becoming too close to noise floor below 1300V for accurate calibration.
The results of the MIP calibration are in Table 3 . Only values at used operating biases are shown per detector per cable. The full calibration table is in Appendix I. All cable effects are included in the calibration; MPV (top value) and σ (bottom value) with corresponding fit uncertainties are listed.
SD Detector Response Uniformity
For SD detectors, due to the PMT placement above the scintillator center within pyramidshaped enclosure, the non-uniformity of particle detection from scintillator center and edges exists. In order to accurately assess the charged particles flux through each SD, this nonuniformity should be measured.
For this purpose, each SD is scanned using 60 Co radioactive source across the scintillator side along four lines: both diagonals and two lines, passing though centers of parallel sides in x and in y in scintillator plane. From the data, an average weight of 0.70±0.06 is calculated that is later applied to MIP calibration for each SD detector. The GD uniformity is 0.74±0.04 [7] .
Cherenkov Detector
The There is a PMT-49 (FEU49B) and a Hamamatsu H6527 PMT located in the focal point of two lower mirrors. Both are 15cm cathode diameter PMTs with the spectral response from 360 nm to 600 nm. The angle of view for each mirror is ~13 o . For completeness, we mention the VCD but its calibration is not included here. Note that PMTs are very easily damaged by the light, thus a future upgrade may include the Geiger-mode avalanche photodetector [15] [16] arrays [17] since they are unaffected by high light intensity such as moonlight or car headlights. These are fast detectors and have been used on a large scale [18] . Both VCD channels are connected to DAQ using separate cable each. 
Conclusion
The MIP calibration of the HT detector system was carried out for both SD and GL detectors at different biasing voltages. The uniformity of response for these detectors was measured as well. A detector upgrade is planned so this note will not be updated and will be valid for data before March 2017
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